ABSTRACT
INTRODUCTION
Fusarium wilt is an important disease of tomato in many warm regions in the world, caused by the fungus Fusarium oxysporum f.sp. lycopersici, which is highly destructive both in greenhouses and field grown tomatoes destroying up to 10 -50 % of yield [25, 28] . It is a very 
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Available online at www.scholarsresearchlibrary.com serious destructive disease of tomato crop occurring worldwide and poses a major threat in successful cultivation of tomatoes [23] . Owing to which no fungicidal soil treatment at field scale is feasible, Therefore there is a demand for new methods to supplement existing disease control strategies, and to achieve better disease control. Moreover, alternatives to many of the synthetic pesticides currently in use are needed, because they may lose their usefulness; due to revised safety regulations [15, 4] ; concern over non-target effects [11, 18] due to the development of resistance in pathogen populations [37] . Hence, we have arrive at new solution for treating plant disease problems that provide effective control, having minimal negative consequences for human health and upon the environment [8] . The abuse of chemical pesticides or fungicides to cure or prevent plant diseases has caused huge soil pollution and detrimental effects in humans. It is desirable to replace chemical pesticides with substrates that possess the following three criteria: high specificity against the targeted plant pathogens; easy degradability after effective usage; and low mass production cost [46] . Thus it leads in alternative to control this disease, such as biocontrol [9, 39] . Search for environmentally and toxicologically safe, more selective and efficacious fungicides for the control of plant diseases is is gaining momentum at present. In the light of the above mentioned facts present investigation was take up to examine the efficacy of native Bacillus and Trichoderma propagules against Fusarium oxysporum f.sp. lycopersici under in vitro conditions individually. To achieve this target following objectives were planned 1. Isolation of Trichoderma and Bacillus isolates from wilt suppressed tomato field, 2. Screening of potential isolates under in-vitro conditions by using Dual-culture assay and Poisoned food assay, and 3. Selection of prominent isolates based on the observations of both assays. 
MATERIALS AND METHODS

Soil and sampling
Fusarium oxysporum f.sp. lycoperscisi and their pathogenicity
The isolate was obtained from Indian Type Culture Collection with accession no of ITCC-0223. For pathogenicity assay inoculum of Fusarium oxysporum f.sp. lycoperscisi was inoculated in 100 ml potato-dextrose broth followed by shake culture at 25 o C for 3-4 days for microspore production. After incubation, microspore suspension filtered through autoclaved musclin cloth and final concentrations were adjusted to 2x10 7 spores/ml. Tomato wilt resistant varieties P48024, P48025, P28026 and P48027, Bejo Zadeb b.v., Netherlands were used. Firstly the roots of 20 to 30 days old tomato seedlings, were steam-sterilized in greenhouse soil, were carefully uprooted and freed from soil by immersion in distilled water. They were dipped into microspore suspension for 10-30 min and then replanted to sterilized soil contained pots (9 cm in diameter). Inoculated plants were maintained at incubation chamber at [22] [23] [24] [25] o C. incubation, they were uprooted and the lower stem and tap root were longitudinally sectioned for examination of internal tissues. Each plant was rated on a scale of 0-4 as follows: 0 = healthy plants; 1 = < 25% vascular discoloration; 2 = 26-50% vascular discoloration; 3 = wilting with 51-75% vascular discoloration; and 4 = 76-100% vascular discoloration or death [21, 38, 43, 54, 48] .
Isolation of biocontrol agents and determination of colony forming units
One gram of each soil sample was taken and added to 10 ml of sterilized distilled water (SDW) to make a dilution of 10 -1 . One ml of suspension was subjected to serial dilutions up to 10 -8 by using 9 ml of SDW. From the dilutions viz., 10 -3 to 10 -6 was later poured on to Trichoderma Specific Medium (TSM) contained in petri plates and spread uniformly by spread plate method [50] . The Petri plates were then incubated at 24±2 o C for isolation of Trichoderma sp. up to 7 days. The single colonies were picked and maintained in PDA, the isolates were stored in 10% glycerol at -70 o C. Pure colonies were confirmed as Trichoderma spp. according to the identification key based on the branching of conidiophores, shape of the phialides, emergence of phialophores and phialospores [36] .
For Isolation of Bacillus spp. heat treatment was used to bias this selection towards sporeforming bacteria [53] . One milliliter of each dilutions from 10 -2 to 10 -4 was heat treated in water bath at 80 o C for 10 min and of the suspension was spread on nutrient agar medium plates enriched with 1% dextrose. The plates were incubated at 28±2 o C for 24 to 48 hours. The colonies that appeared on the media were streaked on to fresh plates of the same media to obtain pure colonies. the isolates were stored in nutrient broth with 15% glycerol at -70 o C. The Bacillus isolates were confirmed based on the instructions of Berger's manual.
Screening of isolates for antagonistic activity towards Fusarium oxysporum f.sp. lycoperscisi via Dual-culture assay The initial screening under in-vitro for antagonism against pathogen was performed according to the method described by [33] . A pathogenic fungal disc of five day old mycelia of 5 mm diameter was inoculated at centre of the petriplate (90mm) containing Czapek-dox agar for Bacillus and end of the petriplate containing PDA for Trichoderma screening to facilitate the growth. Inoculate same size of 5 days old Trichoderma mycelial disc placed opposite side of pathogen as well streak a loop full of 24 hours old Bacillus culture suspension in to four corners, approximately 3 cm from the edge of the mycelial disc. The plates were incubated at 28 o C and observed after every 24 hours. The termination of experiment was done up to the full growth pathogen obtained in control plate.
The % of Inhibition calculated as described by [16] .
Where L is inhibition of radial mycelial growth; C is radial growth measurement of the pathogen in control; T is radial growth of the pathogen in the presence of Trichoderma / Bacillus isolates. 
Screening of isolates for antagonistic activity towards Fusarium oxysporum f.sp. lycoperscisi via Poisoned food technique
To determine the effect of the non volatile metabolites on mycelia growth of pathogen poisoned food technique was used. For the production of non-volatiles, three discs of mycelial agar plugs (5 mm diameter) of Trichoderma isolates were inoculated in 100 ml sterilized potato dextrose broth (PDB) in 250 ml conical flasks and incubated at 25 ± 1 o C on a rotary shaker at 100 rpm for 14 days. The control conical flasks were inoculated with sterile PDA plugs respectively. After incubation, the culture was filtered through Millipore filter for removing spores and then sterilized through 0.2 µm pore biological membrane filter (FP30/0.2 CA-S, Schleeicher and Schuell MicroScience GmbH) for collecting non volatile metabolites from Trichoderma isolates. For non volatiles from Bacillus, a loopfull of fresh culture was inoculated in to 100 ml of nutrient broth (NB) in 250 ml conical flasks and incubated at 28±2 o C on a rotary shaker at 120 rpm for 3 days. After incubation, cenntrifuged it at 12000 rpm for 10 minutes, collect the transparent supernatant containing non volatile metabolites.
For poisoned food assay the liquid formed non volatile was added to molten PDA medium (at 40 ± 5 o C) to obtain a final concentration of 10% (v/v). The medium was poured in Petri dishes at 20 ml per plate and inoculated with 5 mm mycelial plugs of the pathogens in the centre of the plates and incubated at 25 ± 2 o C for 7 days or until the colony reached the plate edge in control plate [10] . Triplicates was maintained for each treatment and radial growth of the pathogen was recorded.
Statistical analysis
Data was statistically analyzed using one-way ANOVA (Analysis Of Variance) by SPSS. Differences among treatments were determined using Duncan's multiple range tests (DMRT) at a significant level of P=0.05. Data are presented as means ± standard errors (SE).
RESULT AND DISCUSSION
Pathogenicity of pathogenic strain
The culture ITCC-0223-showed highest pathogenicity range from 3.8 to 4.0 on P48025 and P28026. In other cultivars showed pathogenicity was comparatively lesser. Accordingly, based on the pathogenicity observations, the isolate was identified as FOL race (Table-1) . Yamamoto et al. [54] proved that F. oxysporum isolated from wilting tomato plants in greenhouses was carried out to differentiate races and forma specialis of F. oxysporum by using four tomato cultivars. adequate media is a highly necessary step, which indicates the importance of the present work. Differences in microorganism development are based on nutritional aspects and on the inhibition of contamination [47, 31] . A total 65 isolates out of them 28 no of Bacillus and 37 no of Trichoderma were isolated from tomato rhizosphere soil of different locations in India viz., IIVR farm (Varanasi), IIHR Farm(Bangalore), IARI farm (Rajendra nagar) and farm of APHU (T.P.Gudem) by using Trichoderma Specific Media (TSM) and Nutrient Agar (NA). Out of 28 Bacillus isolates 7 were obtained from IIVR, 8 from IIHR farm, 5 from IARI farm and 8 from APHU farm respectively. The Trichoderma population was quite higher is each site except IIHR farm i.e 13 from IIVR farm, 9 from IARI, APHU farm each and only 6 from IIHR farm. Plate dilution has proved to be a useful method; however, it has some limitations: the methodology is slow and laborious, and requires a large volume of material [49, 19] . From the site of IARI farm most higher ratio of colonies were observed i.e 22 colonies from the range of 10 3 , 10 4 and 10 5 on Trichoderm Specific Media (TSM) and 25 colonies from the range of 10 2 and 10 3 on Nutrient Agar (NA) respectively (Table-2). 
Screening of Trichoderma isolates through Dual-culture assay
Under the experiment conducted between Trichoderma isolates with respect to pathogen, the growth inhibition of Fusarium oxysporum f.sp. lycopercisi observed after 5 days incubation (Fig-1) revealed that IIVR isolate of DPNST-8 caused maximum growth inhibition of 84.8% followed by APHU isolate of DPNST-29 which exhibit 81.7%. Coiling of antagonistic hyphae around hyphae of Fusarium and lysis was studied [17, 32, 34, 26] . Trichoderma viride and T. harzianum were reported by several workers as the best antagonists for growth inhibition of several soil and seed borne plant pathogens [12, 13, 35] . Other isolates in order of superiority shows inhibition in the range of 70 -80 % were IIVR isolate of DPNST-1, DPNST-2, DPNST-3, DPNST-4, DPNST-6 and DPNST-9, IIHR isolate of DPNST-17, IARI isolate of DPNST-28, APHU isolate Available online at www.scholarsresearchlibrary.com of DPNST-30, DPNST-31, DPNST-35, DPNST-36, DPNST-37 with respect to mycelia growth inhibition were statistically near (Fig.1) . 
Screening of Bacillus isolates through Dual-culture assay
The proliferation of the Bacillus isolates was observed for six days after inoculation. Several reports have described Bacillus strains as one of the potential biocontrol agents for plant diseases [40] . The biocontrol efficiency of B. subtilis, B. cereus, B. amyloliquifaciens, B. licheniformis and B. pumilis has been mentioned in various studies [29, 41, 27] . The isolates were able to 
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Available online at www.scholarsresearchlibrary.com parasitize the host fungi with different levels of growth inhibition depending upon the isolate. Of the 28 (DPNSB-1 to DPNSB-28) Bacillus isolates evaluated, five isolates viz., DPNSB-11, DPNSB-14, DPNSB-18, DPNSB-22 and DPNSB-28 had a significant antifungal activity i.e inhibitory range from 60-63.5% against Fusarium oxysporum f.sp. lycopercisi (Fig.2) . Inhibition was clearly discerned by limited growth or the complete absence of fungal mycelium in the inhibition zones surrounding the streak of the isolates tested. Annouschka Bolwerk et al.
[1] studied the isolate Pseudomonas fluorescens WCS365 and P. chlororaphis PCL1391 were controlled foot and root rot on tomato which caused by Fusarium oxysporum f. sp. radicislycopersici. Overall the total proportion of antagonistic bacteria isolated from four different site was clearly observed where, from IIVR isolates of 7 showed the % of inhibition from 45.1 to 58.3 range followed by 9 isolates from IIHR the range was 48.3 to 63.5, 45.3 to 60% was maintain by 5 isolates of IARI, with respect to APHU isolates; all the seven isolates sustain 47.4 to 61.2%. Recently in the year 2011 [39] reported the biological management of vascular wilt of tomato caused by Fusarium oxysporum f.sp. lycopercisi by plant growth prooting rhizobacterial mixture.
Maximum range of inhibition was found in IIHR isolates followed by APHU, IARI and IIVR. Nevertheless, the proportion of antagonists was clearly higher in all suppressive soils. The isolates viz., DPNSB-1, DPNSB-7 and DPNSB-19 showed <50% inhibition, these isolates statistically as par. Bacillus subtilis from cotton rhizosphere and their evaluation as biocontrol agent against Fusarium oxysporum [2] . 
Screening of Trichoderm isolates through Poisoned food assay
The results of effect of non-volatile compounds revealed that among the different isolates of Trichoderma spp. evaluated against Fusarium oxysporum f. sp. radicis-lycopersici. Some attempts have been done in order to find a correlation between the structures of the Trichoderma secondary metabolites and the species that produce them [20, 42, 6] . Secretions of IIVR isolates viz., DPNST-6, DPNST-1, DPNST-8 and DPNST-10 caused repression on mycelial growth of the pathogen followed by IARI isolate of DPNST-23, APHU isolate DPNST-35 express similar observation (Fig.3) . The isolate of T. virens has been found effective and inhibited maximum growth of F. solani f. sp. pisi by the production of volatile compounds [26] . The volatile compounds produced by T. viride proved inhibitory against F. oxysporum f. sp. lycopersici [34] and Thanatephorus cucumeris [14] . The secretions of remaining isolates were allowed to grow pathogen superiorly (Fig.3 ). Josie Williams [22] examined the mycoparasitic and saprotrophic behavior of isolates representing groups of Trichoderma harzianum to establish a mechanism for the aggressiveness towards Agaricus bisporus in infested commercial compost. Few isolates viz., DPNST-3, DPNST-4 and DPNST-29 samples were allowed to grown up to the range of 60, 62 and 58 mm respectively. However maximum samples allowed to grow >70 mm i.e similar to control. Juan A.Vizcaino et al. [24] studied that Methanol extracts from 24 Trichoderma isolates, selected as biocontrol agents and representating different species and genotypes from three of the four taxonomic sections of this genus (T. sect. Trichoderma, T. sect. Pachybasium and T. sect. Longibrachiatum) were screened for antibacterial, anti-yeast and antifungal activities against a panel of seven bacteria, seven yeasts and six filamentous fungi previously used in similar studies.
Screening of Bacillus isolates through Poisoned food assay
Among 28 isolates only five isolates viz., DPNSB-2, DPNSB-11, DPNSB-18, DPNSB-23 and DPNSB-28 was found to be effective against pathogenic mycelial growth inhibition (Fig.4) . Cho et al. [7] detected and characterised an iturin A-like compound produced by B. subtilis KSO3, which inhibits growth of the phytopathogenic fungus Gloeosporium gloeosporioides. Chitarra et al. [5] detected an antifungal compound produced by a strain of B. subtilis that permeabilises fungal spores and blocks germination of Penicillium roqueforti. Maximum growth inhibition of Fusarium oxysporum f.sp. Lycopercisi was observed by these five isolates nonvolatile metabolites i.e 0.0 mm. remaining isolates did not show any type of growth inhibition. The antifungal activity of B. subtilis grown on five different media was evaluated towards phytopathogenic and wood-surface contaminant fungi under the incubation of 11 to14 days respectively. Out of the 5 isolates 2 were distributed from APHU farm isolate and remaining three from each site i.e farm of IIVR, farm of IIHR and farm of IARI.
D. Praveen Kumar
Selection of potential Trichoderma and Bacillus isolates
One of the most promising properties of Bacillus spp. and Trichoderma spp. contributing to the biocontrol mechanism is the amazing battery of antibiotic compounds synthesized that exhibit a wide antimicrobial spectrum, the ability to modify attachment of other microorganisms to different surfaces and to contribute to the survival of the bacillus cells in their habitat [45] . The selection of prospective isolates was done based on the excellent criterion of the isolates those produce greatest inhibition zone under dual-culture assay, growth inhibition of pathogenic mycelia under poisoned food technique and those shows optimistic level of performance in both assays commonly. As per the surveyed literature and observations the optimistic levels were selected for both types of isolates under both experiments individually. In the case of Trichoderma dual-culture assay optimistic level preferred as >75% and 0 mm for poisoned food technique as well for Bacillus the level is >55% followed by 0 mm respectively. However, as per the optimistic levels out of 37 no of Trichoderma isolates three isolates viz., DPNST-4, DPNST-8 and DPNST-29, among 28 no of Bacillus isolates four isolates viz., DPNSB-2, DPNSB-11, DPNSB-18, DPNSB-28 were observed as most prominent as compare to remaining isolates for the reason that of their observations in both in-vitro bioassays. As per the interpretation on dual- 
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Available online at www.scholarsresearchlibrary.com culture assay individually total six isolates viz., DPNST-2, DPNST-4, DPNST-8, DPNST-29, DPNST-30 and DPNST-36 from Trichoderma and eight isolates viz., DPNSB-2, DPNSB-3, DPNSB-8, DPNSB-11, DPNSB-14, DPNSB-18, DPNSB-23 and DPNSB-28 were selected and chosen as lead strains from Bacillus. Followed by the observation of poisoned food technique among the Trichoderma isolates, six viz., DPNST-1, DPNST-6, DPNST-8, DPNST-10, DPNST-23 and DPNST-35 exhibited promising antagosnistcs. In the case of Bacillus the prominent isolates viz., DPNSB-2, DPNSB-11, DPNSB-18, DPNSB-23 and DPNSB-28 were observed respectively.
CONCLUSION
Non volatile compounds produced by different Trichoderma and Bacillus isolates drastically reduced the mycelia growth of test pathogens which is helpful in disease reduction by checking the survival and spread by pathogen.
